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Introduction 

This report describes the technical activities carried out during the development phase of the LA-ROSES Eye-
hand-piece system control unit to accomplish the objective to provide control capabilities to be able the laser 
spot to follow the welding path and to be able to drive the laser powering output emission according to surgeon 
settings. Reports D2.1 and D3.4 are used as references. The Eye hand-piece is a complete and independent 
system that does not require to be attached to the mechanical arm to be driven. The mechanical arm is used to 
move the Eye hand-piece above the patient eye so that it can be positioned to a particular spatial location before 
starting the laser welding process. This preliminary positioning by using the robotic arm it is necessary because 
the Eye hand-piece system provides a limited range of motion to the laser tip; so it is necessary to calculate the 
relative positioning between the hand-piece and the welding trajectory described by the path marked by the 
indocyanine solution.  The laser movement control unit here described is devoted to provide movement control 
capabilities to the laser tip only: i.e. circular, translational and orientation movements. The robotic arm control 
system to be used to move the whole eye hand-piece, the machine vision functionalities and other image 
processing algorithms, which are used to control and tune the positioning phase and the laser welding process, 
will be described in dedicated reports. 
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1 Eye hand-piece Control Unit  

Based on the system architecture definition as shown in D2.1 we provide a list of motor and driver components 
and a system diagram scheme to show motor and electronic components of the eye hand-piece as it is presented 
and described in D3.4. 

 
For sake of comprehensiveness below the system architecture and a 3D sketch of the eye hand-piece. 
 

 

Fig. 1 – LA-ROSES overall system diagram. In this report the “Laser System” subsystem is explained.   

 
In this report the subsystem denoted with “Laser System” has been considered. Also the physical devices used 

to realize the communications capabilities denoted with the arrow “Movement commands/ Positioning 
feedbacks” are pointed out and clarified. 

 

 
Fig. 2 – LA-ROSES 3D drawing of the Eye hand-piece. Laser movements and light powering emission are considered here.  
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1.1 Laser handling 
 
The laser diode emitter we are going to use is composed of two parts; it has the power driver as a separate 

component so that the optical laser unit can be better arranged and driven by the handling unit. The LA-ROSES 
laser handling unit is composed of three motors which equips the Eye hand-piece. 

 

 
Fig. 3 – Laser tip handling system is highlighted. 

 
According to designing requirements including masses, loads, inertial properties of each devices, dynamics and 

statics aspects the following motors have been chosen. 
 

Motor type Motor code identification 

translational laser motor FAULHABER ADM1220S 

rotational laser motor FAULHABER ADM1220S 

ring laser motor FAULHABER RDM66200 

 
Technical specs of FAULHABER ADM1220S are the following. 

Laser power unit 
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Technical specs of FAULHABER RDM66200 are the following. 
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Below a 3D image of the ring motor. 
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Fig.4 – The ring laser motor. This motor is able to rotor over 360 degree. 

 
The FAULHABER RDM66200 is an all-in-one device including gearbox mechanism but the other motor 

ADM1220S need to be mounted adding an appropriate gearbox. In accordance with torque and precision 
positioning requirements both ADM1220S are assembled with the “12/3” gearbox item. All Eye hand-piece 
motors are step motors; we required stepper motors because of great positioning precision is mandatory. 

 
To simplify the motor control all selected motors are driven by the same type of control unit suggested by 

FAULHABER. The MCST 3601 is the chosen motor electronic driver. 
 

  
Fig.5 – Two views of the MCST3601 motor driver unit.  

 
 
Below the datasheet of MCST 3601 
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We use 3 MCST3601, one for each motor. The MCST3601 is equipped with a micro controller and a driver, it 
can precisely regulate phase currents from 10 mA to 1.1 A. At the same time, it can be operated with a supply 
voltage that can vary between 9 and 36 VDC. Thanks to simple and fast communication with a PC via USB 2.0, all 
types of movements can be programmed using the available software. In the context of LA-ROSES experiment we 
develop a specific set of SW routines to program these drivers in order to provide basic functionalities to fine 
control a single movement type. The LA-ROSES high-level control system will use specific calls to these last low-
level routines so that to realize synchronous motion as to follow the marked welding path by the laser spot. The 
MCST3601 provide also 10 I/O lines to allow external variables to be taken into consideration such as mechanical 
stops. Furthermore, the MCST 3601 can actuate stepper motors in micro stepping mode. In this operating mode, 
up to 256 micro steps can be programmed per full step. This allows the resolution of the controlled (rotary or 
linear) movement to be increased considerably and/or the vibrations caused by the motor to be reduced. This 
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capability fits well LA-ROSES movement requirements where resolutions have to be considered in the micro 
meter range. 

 
Follows the scheme of the electrical connections between each motor and its MCST 3601 control unit. 

 

 
Fig.6 – Two views of the MCST3601 motor driver unit. 

 
LS, RS and HS are Left Stop switch, Right Stop switch and Home stop switch; they are physical connections 

between the mechanical microswitches stops and the matching control input pin. MA+,MA-,MB+ and MB- are 
the physical connections between the motor phases and the corresponding control outputs. The LA-ROSES high 
level control system will communicate with the Eye hand-piece control unit sending specific movement 
command, and receiving information about positioning data and system status, to (from) the actual MCST 3601 
unit via an external USB HUB. 
 

1.2 Laser unit 
The selection of the laser unit to be mounted on the Eye hand-piece has been difficult because we required to 

match all laser characteristics similar to the laser system described in D2.1, where a fiberoptic laser was used by 
the surgeon, and at the same time we required to be able to manipulate the laser as it can be driven along a 
circular path. The main issues we had to solve were: 

1. The fiberoptic manipulation. It is well known that fiberoptic cables must be manipulated with great care 
and it is no possible to roll it so that it can be arranged along a sharp circular path as we required. 

2. Current fiberoptics used in manual laser corneal welding need to be sterilized because it must be 
handled by the surgeon. We required to design a laser handling system so that it was not necessary to 
sterilize any components of it. This is a very important feature to be accomplished in order to simplify 
the medical certification of such handling system. 

 
Taking into account these requirements after having checked a lot of laser systems we selected the Osela 

streamline laser provided by LASER 2000 GmbH company. In particular we choose the SL-810-500-TV-D 
configuration because it can be arranged having a separate power driving unit as FIG. 7 shows. 
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Fig.7 – The OSEL streamline laser system. The chosen configuration consists of a separate unit as powering source. The 

laser optics/tip is hold by the laser handling system. 
 

This configuration allows the laser optics to be attached to the ring motor as it is set free to rotate without 
cable problems. Furthermore the laser optics can be mounted and manipulated by mechanical handling system 
we designed so that it does not required to be manipulated by hand by the surgeon avoiding any sterilization 
needs. 

During ex-vivo test, we will have to perform, we will need to control the laser power output in the range of 
50mW-90mW; the streamline laser can be CW modulated by an external 0 to 5v external signal and also it can be 
used in pulsed mode. Below the streamline laser datasheet 

 

Laser power unit 

Laser optics 
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